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(57) A device may include cache media, storage me-
dia, a communication interface configured to communi-
cate with the cache media and the storage media, and
at least one control circuit to configure a portion of the
storage media as visible memory, and configure a portion
of the cache media as a cache for the portion of the stor-
age media. The portion of the storage media may be a
first portion of the storage media, and the at least one
control circuit may be to configure a second portion of
the storage media to persist the portion of the cache me-
dia. The portion of the storage media may be a first portion
of the storage media, and the at least one control circuit
may be to configure a second portion of the storage me-
dia as visible storage.
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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to devices with
memory and storage, and more specifically to systems,
methods, and apparatus for devices with memory and
storage configurations.

BACKGROUND

[0002] A storage device may include one or more stor-
age media configured to store data received at the stor-
age device. A storage device may communicate with a
host, a storage system, and/or the like using a storage
interface, a storage protocol, and/or the like. An applica-
tion or other user may access storage media at a storage
device using read and/or write commands.
[0003] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the inventive principles and there-
fore it may contain information that does not constitute
prior art.

SUMMARY

[0004] A device may include a cache media, a storage
media, a communication interface, and at least one con-
trol circuit configured to receive, using the communica-
tion interface, a first memory access request to access
a portion of the storage media, receive, using the com-
munication interface, a second memory access request
to access the portion of the storage media, access, based
on the first memory access request, the portion of the
storage media, and access, based on the second mem-
ory access request, a portion of the cache media. The
portion of the cache media may include a first cache, and
the at least one control circuit may be configured to ac-
cess, based on the first memory access request, the por-
tion of the storage media by reading data from the portion
of the storage media, storing the data in a second cache,
and loading at least a portion of the data from the second
cache. The at least one control circuit may be configured
to write at least a portion of the portion of the cache media
to the portion of the storage media. The portion of the
storage media may be a first portion of the storage media,
and the at least one control circuit may be configured to
receive, using the communication interface, a storage
access request to access a second portion of the storage
media, and access, based on the storage access re-
quest, the second portion of the storage media. The at
least one control circuit may be configured to receive the
first memory access request using a first protocol, and
receive the storage access request using a second pro-
tocol. The at least one control circuit may be configured
to operate the portion of the cache media and the first
portion of the storage media as a first logical device, and
operate the second portion of the storage media as a

second logical device. The at least one control circuit
may be configured to receive, using the communication
interface, a storage access request to access the portion
of the storage media, and access, based on the storage
access request, the portion of the storage media. The at
least one control circuit may be configured to receive the
first memory access request using a first protocol, and
receive the storage access request using a second pro-
tocol. The first protocol may include a memory access
protocol, and the second protocol may include a storage
access protocol. The at least one control circuit may be
configured to perform a coherency operation associated
with the portion of the storage media. The portion of the
storage media may be a first portion of the storage media,
and the at least one control circuit may be configured to
write at least a portion of the portion of the cache media
to a second portion of the storage media. The at least
one control circuit may include work logic configured to
receive a command, and perform, based on the com-
mand, a data movement operation or an operation asso-
ciated with the portion of the cache media.
[0005] A device may include a memory media, a stor-
age media, a communication interface, and at least one
control circuit configured to receive, using the communi-
cation interface, a memory access request to access a
portion of the memory media, access, based on the mem-
ory access request, the portion of the storage media, and
write the portion of the memory media to a portion of the
storage media. The portion of the storage media may be
a first portion of the storage media, and the at least one
control circuit may be configured to receive, using the
communication interface, a storage access request to
access a second portion of the storage media, and ac-
cess, based on the storage access request, the second
portion of the storage media. The at least one control
circuit may be configured to operate the portion of the
memory media and the first portion of the storage media
as a first logical device, and operate the second portion
of the storage media as a second logical device. The
portion of the memory media may be a first portion of the
memory media, and the at least one control circuit may
be configured to access, based on the storage access
request, a second portion of the memory media.
[0006] A device may include media comprising cache
media and storage media, a communication interface,
and at least one control circuit configured to receive, us-
ing the communication interface, a first memory access
request, access, based on the first memory access re-
quest, a first portion of the media, receive, using the com-
munication interface, a first storage access request, ac-
cess, based on the first storage access request, a second
portion of the media, receive, using the communication
interface, a second memory access request, receive, us-
ing the communication interface, a second storage ac-
cess request, access, based on the second memory ac-
cess request, a third portion of the media, and access,
based on the second storage access request, the third
portion of the media. The first portion of the media may
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include a portion of the cache media, and the at least one
control circuit may be configured to write data from the
portion of the cache media to a portion of the storage
media. The at least one control circuit may be configured
to map the first portion of the media to the second portion
of the media. The at least one control circuit may be con-
figured to access, based on the first storage access re-
quest, a portion of the cache media.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The figures are not necessarily drawn to scale
and elements of similar structures or functions may gen-
erally be represented by like reference numerals or por-
tions thereof for illustrative purposes throughout the fig-
ures. The figures are only intended to facilitate the de-
scription of the various embodiments described herein.
The figures do not describe every aspect of the teachings
disclosed herein and do not limit the scope of the claims.
To prevent the drawings from becoming obscured, not
all of the components, connections, and the like may be
shown, and not all of the components may have reference
numbers. However, patterns of component configura-
tions may be readily apparent from the drawings. The
accompanying drawings, together with the specification,
illustrate example embodiments of the present disclo-
sure, and, together with the description, serve to explain
the principles of the present disclosure.

Fig. 1 illustrates an embodiment of a device having
memory and storage media in accordance with ex-
ample embodiments of the disclosure.

Fig. 2 illustrates another embodiment of a device
having memory and storage media in accordance
with example embodiments of the disclosure.

Fig. 3 illustrates a first example embodiment of a
scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 4 illustrates a second example embodiment of
a scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 5 illustrates a third example embodiment of a
scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 6 illustrates a fourth example embodiment of a
scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 7 illustrates a fifth example embodiment of a

scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 8 illustrates a sixth example embodiment of a
scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 9 illustrates a seventh example embodiment of
a scheme for configuring and/or operating a device
having memory media and storage media in accord-
ance with example embodiments of the disclosure.

Fig. 10 illustrates an embodiment of a dual mode
storage access scheme in accordance with example
embodiments of the disclosure.

Fig. 11 illustrates another embodiment of a dual
mode storage access scheme in accordance with
example embodiments of the disclosure.

Fig. 12 illustrates an example embodiment of a host
apparatus that may be used to implement host func-
tionality in accordance with example embodiments
of the disclosure.

Fig. 13 illustrates an example embodiment of a stor-
age device that may be used to implement device
functionality in accordance with example embodi-
ments of the disclosure.

Fig. 14 illustrates a first example embodiment of a
device configuration scheme in accordance with ex-
ample embodiments of the disclosure.

Fig. 15 illustrates a second example embodiment of
a device configuration scheme in accordance with
example embodiments of the disclosure.

Fig. 16 illustrates an example embodiment of a de-
vice configuration scheme with hot plug functionality
in accordance with example embodiments of the dis-
closure.

Fig. 17 illustrates an example embodiment of a de-
vice configuration scheme with hot unplug function-
ality in accordance with example embodiments of
the disclosure.

Fig. 18 illustrates an example embodiment of a hot
unplug method for a device in accordance with ex-
ample embodiments of the disclosure.

DETAILED DESCRIPTION

[0008] Computing systems may include memory me-
dia which may have relatively short access times, but
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relatively high costs and/or low capacities compared to
storage media. To provide expanded memory capacity
at relatively low cost, an operating system may imple-
ment memory using storage media. For example, an op-
erating system may implement memory mapped files that
may be located on storage devices but may appear as
memory to an application or other user. Depending on
the implementation details, however, memory mapped
files may have relatively long access times and/or may
involve operating system overhead.
[0009] A storage device in accordance with example
embodiments of the disclosure may include storage me-
dia that may be accessed as memory. The storage device
may also include memory media that may be configured
as a cache for the storage media. In some embodiments,
at least a portion of the storage media may be configured
to appear as volatile memory. Thus, depending on the
implementation details, some embodiments may present
a relatively large storage media as a volatile memory
space that may be mapped, for example, as system
memory. Moreover, the memory media that may be con-
figured as a cache for the storage media may reduce
access times (e.g., latency) for the volatile memory
space.
[0010] In some embodiments, at least a portion of the
storage media may be configured to appear as persistent
memory. Thus, depending on the implementation details,
some embodiments may present a relatively large stor-
age media as a persistent memory space. Moreover, the
memory media that may be configured as a cache may
be persisted (e.g., written), for example, to the storage
media (e.g., based on a power loss event). Depending
on the implementation details, the memory media that
may be configured as a cache may reduce access times
(e.g., latency) for the persistent memory space.
[0011] In some embodiments, at least a portion of the
storage media may be configured to appear as either
memory or storage. For example, a storage device may
implement a first access method in which at least a por-
tion of the storage media may be accessed as storage
space. The storage device may also implement a second
access method in which a portion (e.g., the same portion)
of the storage media may be accessed as memory space.
The storage device may also include memory media that
may be configured as a cache for the storage media. If
accessed as memory space, the storage media may be
configured to appear as volatile and/or persistent mem-
ory. In some embodiments, the memory media that may
be configured as a cache may be persisted, for example,
to the storage media (e.g., based on a power loss event).
Depending on the implementation details, an embodi-
ment that may implement first and second access meth-
ods (which may be referred to as multi-mode or dual
mode operation) may enable a user to create, manage,
use, and/or the like, any storage-as-memory configura-
tion.
[0012] Alternatively, or additionally, a storage device
in accordance with example embodiments of the disclo-

sure may include memory media (e.g., volatile memory
media) that may be configured to appear as persistent
memory. In some embodiments, the memory media may
be persisted, for example, to storage media in the storage
device (e.g., based on a power loss event). Thus, de-
pending on the implementation details, some embodi-
ments may present a relatively large amount of volatile
memory as persistent memory space.
[0013] In some embodiments, a storage device may
implement multiple memory and/or storage spaces (e.g.,
a memory space and a storage space) in the same de-
vice. In some embodiments, different spaces may be im-
plemented as different logical devices. In a first example
embodiment, a first portion of a storage media may be
configured to appear as volatile memory in a first logical
device. Also in the first example embodiment, a second
portion of the storage media may be configured to appear
as storage space in a second logical device. In a second
example embodiment, a first portion of a storage media
may be configured to appear as persistent memory in a
first logical device. Also in the second example embod-
iment, a second portion of the storage media may be
configured to appear as storage space in a second logical
device.
[0014] In some embodiments, a storage device may
enable a user to configure memory media and/or storage
media to implement any of the configurations described
herein, and/or other configurations. Such embodiments
may be referred to as composable devices and/or may
be characterized as having composable memory, stor-
age, and/or storage-as-memory. In some embodiments,
composable may refer to an aspect of a device, memory
media, storage media, controller, and/or the like, that may
be capable of being configured, e.g., by a user. For ex-
ample, a storage device may enable a user to configure
one or more portions of storage media as memory space
(e.g., volatile and/or persistent), as storage space, or a
combination thereof. As another example, a storage de-
vice may enable a user to configure one or more portions
of memory media as a cache for storage media, as a
volatile and/or persistent memory space, and/or the like,
or a combination thereof. As a further example, a storage
device may enable a user to configure one or more por-
tions of storage media to be accessed as memory space
or storage space, for example, using different access
methods.
[0015] In some embodiments, a storage device may
implement one or more commands for cache operations
(e.g., prefetch, invalidate, write back, and/or the like), da-
ta movement (e.g., moving data between a host system
memory and a memory space in the storage device),
and/or the like. Depending on the implementation details,
one or more commands implemented by the storage de-
vice may offload one or more operations (e.g., memory
transfer operations) from a host or other user.
[0016] This disclosure encompasses numerous as-
pects relating to devices with memory and storage con-
figurations. The aspects disclosed herein may have in-
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dependent utility and may be embodied individually, and
not every embodiment may utilize every aspect. Moreo-
ver, the aspects may also be embodied in various com-
binations, some of which may amplify some benefits of
the individual aspects in a synergistic manner.
[0017] For purposes of illustration, some embodiments
may be described in the context of some specific imple-
mentation details such as devices implemented as stor-
age devices that may use specific interfaces, protocols,
and/or the like. However, the aspects of the disclosure
are not limited to these or any other implementation de-
tails.
[0018] Fig. 1 illustrates an embodiment of a device hav-
ing memory and storage media in accordance with ex-
ample embodiments of the disclosure. The device 100
illustrated in Fig. 1 may include memory media 102, stor-
age media 104, one or more communication interfaces
106, and/or control logic 108. The communication inter-
face 106 may be configured to enable a user to access
the memory media 102 as shown by arrow 103 and/or
the storage media 104 as shown by arrow 107.
[0019] A portion (e.g., some or all) of the storage media
104 may be configured to appear as memory, for exam-
ple, visible to (e.g., accessible by) a user through the
communication interface 106. A portion of the memory
media 102 may be configured as a cache 110 for a portion
of the storage media 104.
[0020] The control logic 108 may implement, facilitate,
control, and/or the like, one or more schemes for the con-
figuration, operation, and/or the like, of one or more com-
ponents of the device 100. The control logic 108 may
include various types of logic such as cache logic 112,
access control logic 114, persistency logic 116, configu-
ration logic 118, and/or the like. Not every embodiment
of control logic 108 may include each type of logic, and
some embodiments may include additional types of logic
not illustrated in Fig. 1. Any or all of the control logic 108
may be implemented as a single component (e.g., im-
plemented with a single processor) or may be implement-
ed with separate components, operations, and/or the like,
for example, using separate processors, logic circuits,
and/or the like).
[0021] In some embodiments, the control logic 108
may include cache logic 112 that may configure and/or
control the operation of the cache portion 110 of the mem-
ory media 102. Examples of cache control operations
may include implementing one or more cache mappings,
data writing policies (e.g., write-through, write-back,
and/or the like), cache replacement policies, and/or the
like.
[0022] In some embodiments, a cache may be used
to improve one or more aspects (e.g., latency, power,
and/or the like) of accessing data in an underlying medi-
um. For example, the cache logic 112 may configure the
cache portion 110 of the memory media 102 to operate
as a cache for a portion of the storage media 104. In such
a configuration, the control logic 108 may receive a stor-
age access request to write user data in the portion of

the storage media 104. However, the cache logic 112
may, based on the storage access request (e.g., a write
request), store a copy of the user data in the cache portion
110 of the memory media 102. In some embodiments,
the cache logic 112 may also proceed (e.g., without de-
lay) to write the user data to the portion of the storage
media 104 as shown by arrow 105, e.g., if the cache logic
112 implements a write-through policy, or the cache logic
112 may wait until the user data is evicted from the cache
portion 110 of the memory media 102 to write the user
data to the portion of the storage media 104 as shown
by arrow 105, e.g., if the cache logic 112 implements a
write-back policy. In some embodiments, the cache logic
112 may implement a cache policy (e.g., a predictive pol-
icy, eviction policy, and/or the like) in which the cache
logic 112 may copy user data from storage media 104 to
the cache portion 110 of the memory media 102 in an-
ticipation of the user data being accessed by a user. De-
pending on the implementation details, the cache logic
112 may evict other user data from the cache portion 110
of the memory media 102 to make room for the user data
being copied from the storage media 104.
[0023] When the control logic 108 receives a storage
access request to read the user data from the portion of
the storage media 104, the cache logic 112 may service
the storage access request (e.g., a read request) by load-
ing the user data from the cache portion 110 of the mem-
ory media 102 as shown by arrow 103 instead of reading
the user data from the portion of the storage media 104.
In some embodiments, the cache portion 110 of the mem-
ory media 102 may be implemented with memory media
102 that may have lower access latency than the portion
of the storage media 104. Thus, depending on the im-
plementation details, the use of a cache may reduce the
latency associated with accessing data from the under-
lying media. Additionally, or alternatively, the use of a
cache may reduce the amount of power consumption
associated with performing an access operation to ac-
cess data from the underlying media (e.g., a page read)
because the data may already be available in the cache
portion 110 of the memory media 102.
[0024] In some embodiments, the control logic 108
may include access control logic 114 that may configure
and/or control the operation of the memory media 102
and/or storage media 104 (or one or more portions there-
of) to be visible or invisible to a user, to be accessible as
memory, as storage, or a combination thereof, and/or the
like. For example, in some embodiments, the access con-
trol logic 114 may operate to cause a portion of the stor-
age media 104 (which may have a native block-based
interface scheme) to appear as visible memory (e.g., vol-
atile memory and/or persistent memory). For instance, if
the device 100 receives a load command to access a
byte of data stored in the storage media 104 (e.g., using
a memory access protocol through the communication
interface 106), and the requested data is not stored in
the cache 110, the access control logic 114 may read,
from the storage media 104, a page in which the request-
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ed byte may be located. The access control logic 114
may obtain the requested byte from the page and return
the requested byte in response to the load command
(e.g., again using the memory access protocol through
the communication interface 106). In some embodi-
ments, a memory access interface and/or protocol may
access data in units of cache lines (e.g., 64 bytes), and
thus, the access control logic 114 may return a requested
cache line of data from the page read from the storage
media 104.
[0025] As a further example, the access control logic
114 may configure and/or control the operation of the
memory media 102 to be accessible as visible memory
(e.g., using a memory access protocol through the com-
munication interface 106). In some embodiments, the ac-
cess control logic 114 may implement a dual mode ac-
cess scheme in which a portion of the storage media 104
may be accessed as either memory or storage.
[0026] In some embodiments, the control logic 108
may include persistency logic 116 that may configure
and/or control the operation of a portion of the memory
media 102 to be persisted (e.g., copied to nonvolatile
memory), for example, to the storage media 104 (e.g.,
based on a power loss event). For example, in embodi-
ments in which a portion of the memory media 102 may
be configured as an invisible cache 110 for a portion of
the storage media 104 that may be configured as visible
persistent memory, the persistency logic 116 may flush
(e.g., copy) the contents of the cache 110 to the storage
media 104 in response to a power loss event. Example
embodiments of a persistent memory space that may be
implemented with an invisible cache in memory media
for a visible memory space in storage media are de-
scribed below with respect to Figs. 4 and 5.
[0027] In some embodiments, the control logic 108
may include configuration logic 118 that may enable a
user to configure one or more of the components, oper-
ations, and/or the like of the device 100. For example,
the configuration logic 118 may receive commands, in-
structions, and/or the like from a user (e.g., through the
communication interface 106) that may enable a user to
specify a size of the cache 110, whether the cache 110
operates as volatile memory and/or persistent memory,
how much of the storage media 104 may be accessible
as memory, how much of the storage media 104 may be
accessible as storage, how much of the storage media
104 may be used to persist (e.g., store in nonvolatile me-
dia) some or all of the cache 110, and/or the like.
[0028] In some embodiments, although all or a portion
of a medium may be referred to as being configured as
a cache, configured as visible, configured as invisible,
and/or the like, in some implementations, one or more
controllers may actually be configured to use the medium
in a manner that may cause the medium to appear as
cache, appear as visible, appear as invisible, and/or the
like. Thus, in some embodiments, a reference to a me-
dium configured in a certain manner may refer to an ar-
rangement in which a controller (e.g., control logic) may

be configured to cause the medium to operate as though
it is configured in the certain manner. For example, in an
embodiment in which a portion of storage media 104 may
be configured as visible memory that may be accessible
to a user (e.g., in units of 64-byte cache lines using a
memory access protocol through the communication in-
terface 106), the user may not directly access the portion
of the storage media 104. Instead, the control logic 108
may act as an intermediary to access, on behalf of the
user, the portion of the storage media 104 (e.g., in units
of pages and/or blocks using an underlying page and/or
block-based interface, e.g., using a flash translation layer
(FLT) in a solid state drive (SSD)). In such a configuration,
the control logic 108, cache logic 112, access control
logic 114, persistency logic 116, configuration logic 118,
and/or the like, may translate one or more access re-
quests of a first type to one or more access requests of
a second type. For example, memory load and/or store
requests which may usually be used to access memory
media may be translated to and/or from storage read
and/or write requests which may usually be used to ac-
cess storage media.
[0029] Moreover, in such a configuration, one or more
underlying caches (e.g., a hidden cache in addition to
media configured to appear as a visible cache to a user)
may be used to implement one or more translations. For
example, in a configuration in which a portion of a storage
media 104 may be configured as visible memory, the
control logic 108 may receive, from a user, a memory
access request to load a cache line of data (e.g., a 64-
bit cache line) from the portion of the storage media 104
configured as visible memory. However, the storage me-
dia may only be accessible in units of 4K byte pages.
Thus, to perform a memory access request, the control
logic 108 may translate the memory access request to a
storage read request that may read a page containing
the requested cache line from the storage media 104 and
store it in a cache that may be hidden from the user. The
control logic 108 may then load the requested cache line
of data from the hidden cache and return it to the user in
response to the memory access request.
[0030] The embodiment illustrated in Fig. 1 may be
used, for example, to implement devices having various
configurations of memory media and/or storage media
which may be referred to as modes of operation. De-
pending on the implementation details, some embodi-
ments may present a relatively large storage media as a
volatile memory space, a persistent memory space, a
storage space, or a combination thereof.
[0031] The arrows 103, 105, and/or 107 shown in Fig.
1 may illustrate data flow that, depending on the imple-
mentation details, may show end-to-end data flow and
to simplify the drawing may not illustrate one or more
intermediate components such as memory device inter-
faces, storage device interfaces, translation apparatus
(e.g., a flash translation layer (FTL)), buffers, controllers,
and/or the like, through which the data may flow. For
example, in some embodiments, data that may be trans-
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ferred between the communication interface 106 and
storage media 104 (e.g., using a Nonvolatile Memory Ex-
press (NVMe) protocol) as shown by arrow 107 may pass
through a storage protocol controller (e.g., an NVMe con-
troller as illustrated in Figs. 7-9) in control logic 108. As
another example, data that may be transferred between
the communication interface 106 and memory media 102
(e.g., using a CXL protocol) as shown by arrow 103 may
pass through a memory protocol controller (e.g., a CXL
interface controller as illustrated in Figs. 5-9) in control
logic 108. As a further example, data that may be trans-
ferred between the memory media 102 and the storage
media 104 as shown by arrow 105 may pass through a
memory protocol controller (e.g., a CXL interface con-
troller) and/or a storage protocol controller (e.g., an
NVMe controller) in control logic 108.
[0032] Fig. 2 illustrates another embodiment of a de-
vice having memory and storage media in accordance
with example embodiments of the disclosure. The device
200 illustrated in Fig. 2 may include one or more elements
similar to the embodiment illustrated in Fig. 1 in which
similar elements may be indicated by reference numbers
ending in, and/or containing, the same digits, letters,
and/or the like.
[0033] Referring to Fig. 2, the device 200 may include
memory media 202, storage media 204, a communica-
tion interface 206, and/or control logic 208 that may op-
erate in a manner similar to corresponding components
in Fig 1. In the embodiment illustrated in Fig. 2, however,
the access control logic 214 may configure and/or control
the memory media 202 to appear as persistent memory
that may be visible to (e.g., accessible by) a user through
the communication interface 206. The persistency logic
216 may configure and/or control the memory media 202
to be persisted, for example, to the storage media 204
(e.g., based on a power loss event). In some embodi-
ments, the access control logic 214 may essentially im-
plement an entire visible persistent memory space with
a portion of the memory media 202 that may be persisted
to the storage media 204. Depending on the implemen-
tation details, this may result in a relatively high-perform-
ance (e.g., low latency) persistent memory space be-
cause, for example, essentially all access requests for
the persistent memory space may be serviced by the
memory media 202 rather than involving an access of
the storage media 204. Example embodiments of a per-
sistent memory space that may be implemented with a
visible memory space in memory media with an invisible
persistence space in storage media are described below
with respect to Figs. 6 and 7.
[0034] The embodiment illustrated in Fig. 2 may be
used, for example, to implement devices having various
configurations of memory media and/or storage media
which may be referred to as modes of operation.
[0035] The arrows 203 and/or 205 shown in Fig. 2 may
illustrate data flow that, depending on the implementation
details, may show end-to-end data flow and to simplify
the drawing may not illustrate one or more intermediate

components such as memory device interfaces, storage
device interfaces, translation apparatus (e.g., a flash
translation layer (FTL)), buffers, controllers, and/or the
like, through which the data may flow. For example, in
some embodiments, data that may be transferred be-
tween the communication interface 206 and memory me-
dia 202 (e.g., using a CXL protocol) as shown by arrow
203 may pass through a memory protocol controller (e.g.,
a CXL interface controller) in control logic 208. As a fur-
ther example, data that may be transferred between the
memory media 202 and the storage media 204 as shown
by arrow 205 may pass through a memory protocol con-
troller (e.g., a CXL interface controller) and/or a storage
protocol controller (e.g., an NVMe controller) in control
logic 208.
[0036] In some embodiments, memory media may be
implemented with volatile memory media such as dynam-
ic random access memory (DRAM), static random ac-
cess memory (SRAM), and/or the like, whereas storage
media may be implemented with nonvolatile memory me-
dia such as magnetic media, solid state nonvolatile mem-
ory media (e.g., flash memory which may include not-
AND (NAND) flash memory, NOR flash memory, cross-
gridded nonvolatile memory, memory with bulk resist-
ance change, phase change memory (PCM), and/or the
like), optical media, and/or the like.
[0037] In some embodiments, memory media may be
addressable in relatively smaller units such as bytes,
words, cache lines, and/or the like, whereas storage me-
dia may be addressable in relatively larger units such as
pages, blocks, sectors, and/or the like.
[0038] In some embodiments, memory media may be
accessed by software using load and/or store instruc-
tions, whereas storage media may be accessed by soft-
ware using read and/or write instructions.
[0039] In some embodiments, memory media may be
accessed using a memory interface and/or protocol such
as double data rate (DDR) of any generation (e.g., DDR4,
DDR5, etc.), direct memory access (DMA), remote DMA
(RDMA), Open Memory Interface (OMI), Compute Ex-
press Link (CXL), Gen-Z, and/or the like, whereas stor-
age media may be accessed using a storage interface
and/or protocol such as serial ATA (SATA), Small Com-
puter System Interface (SCSI), serial attached SCSI
(SAS), Nonvolatile Memory Express (NVMe), NVMe over
fabrics (NVMe-oF), and/or the like. In some embodi-
ments, a memory interface and/or protocol may access
data in relatively smaller units such as bytes, words,
cache lines, and/or the like, whereas a storage interface
and/or protocol may access data in relatively larger units
such as pages, blocks, sectors, and/or the like.
[0040] Any of the devices 100 and/or 200 as well as
any other devices disclosed herein may be implemented
in any form such as storage devices, accelerators, net-
work interface cards and/or network interface controllers
(NICs), and/or the like, having any physical form factor
including one or more form factors used for storage de-
vices (e.g., solid state drives (SSDs), hard disk drives
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(HDDs), optical drives, and/or the like) such as Peripheral
Component Interconnect Express (PCIe) add-in cards,
3.5 inch drives, 2.5 inch drives, 1.8 inch drives, M.2
drives, U.2 and/or U.3 drives, Enterprise and Data Center
SSD Form Factor (EDSFF) drives, any of the SFF-TA-
100X form factors (e.g., SFF-TA-1002), NF1, and/or the
like, using any connector configuration such as SATA,
SCSI, SAS, M.2, U.2, U.3 and/or the like. In some em-
bodiments, a device may be implemented in any other
form, for example, as a collection of one or more com-
ponents on a circuit board (e.g., integrated into a server
motherboard, backplane, midplane, and/or the like).
[0041] Although some embodiments may be described
in the context of cache media that may be implemented
with memory media such as DRAM, in other embodi-
ments, other types of media, e.g., storage media, may
be used for cache media. For example, in some embod-
iments, some or all of the caches 110 and/or 210 may
be implemented with media other than memory media
that may have one or more relative characteristics (e.g.,
relative to a storage media 104 and/or 204) that may
make one or both of them more suitable for their respec-
tive functions. For instance, in some embodiments, the
storage media 104 and/or 204 may be implemented with
magnetic media which may have a relatively higher ca-
pacity, lower cost, and/or the like, whereas some or all
of the caches 110 and/or 210 may be implemented with
NAND flash which may have relatively lower access la-
tency that may make it relatively more suitable for use
as a cache.
[0042] Any of the devices 100 and/or 200 as well as
any other devices disclosed herein may be used in con-
nection with one or more personal computers, smart
phones, tablet computers, servers, server chassis, serv-
er racks, datarooms, datacenters, edge datacenters, mo-
bile edge datacenters, and/or any combinations thereof.
[0043] Any of the communication interfaces 106 and/or
206 as well as any other communication interfaces dis-
closed herein may be implemented with any interconnect
interface and/or protocol such as PCIe, NVMe, NVMe
Key-Value (NVMe-KV), SATA, SAS, SCSI, Compute Ex-
press Link (CXL) and/or a one or more CXL protocols
such as CXL.mem, CXL.cache, and/or CXL.io, Gen-Z,
Coherent Accelerator Processor Interface (CAPI), Cache
Coherent Interconnect for Accelerators (CCIX), and/or
the like, or any combination thereof. Alternatively, or ad-
ditionally, any of the communication interfaces 106
and/or 206 as well as any other communication interfaces
disclosed herein may be implemented with any network-
ing interface and/or protocol such as Ethernet, Transmis-
sion Control Protocol/Internet Protocol (TCP/IP), remote
direct memory access (RDMA), RDMA over Converged
Ethernet (RoCE), Fibre Channel, InfiniBand (IB), iWARP,
NVMe-over-fabrics (NVMe-oF), and/or the like, or any
combination thereof.
[0044] Fig. 3 illustrates a first example embodiment of
a scheme for configuring and/or operating a device hav-
ing memory media and storage media in accordance with

example embodiments of the disclosure. The embodi-
ment illustrated in Fig. 3 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 1 in which similar elements may be in-
dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like.
[0045] Referring to Fig. 3, a device 300 may include
memory media 302 that, in this example, may be imple-
mented with DRAM but in other embodiments may be
implemented with other types of memory media (e.g.,
volatile media that may have relatively high access
speeds, e.g., relatively low latency). The device 300 may
also include storage media 304 that, in this example, may
be implemented with NAND flash but in other embodi-
ments may be implemented with other types of storage
media (e.g., nonvolatile media that may have relatively
high capacity and/or relatively low cost).
[0046] The device 300 may also include a communi-
cation interface 306 which, in this example, may imple-
ment one or more CXL protocols but in other embodi-
ments may implement, or be implemented with, any other
interfaces, protocols, and/or the like that may enable a
user to access data as memory (e.g., DDR, OMI, Gen-
Z, DMA, RDMA, and/or the like). The CXL (or other) pro-
tocol(s) may operate with any underlying transport
scheme (e.g., physical layer, transport layer, and/or the
like) including, for example, PCIe, Ethernet, InfiniBand,
and/or the like.
[0047] The device 300 may also include cache and/or
prefetch logic 312 that may configure and/or control the
operation of a cache portion 310 of the memory media
302. Examples of cache control operations may include
implementing one or more cache mappings, data writing
policies (e.g., write-through, write-back, and/or the like),
cache replacement policies, and/or the like.
[0048] The device 300 may also include access control
logic 314 that may be implemented, at least in part, with
a memory protocol controller 320 that, in this embodi-
ment, may implement CXL (e.g., as a CXL interface con-
troller), but in other embodiments may be implemented
with any other type of protocol controller that may enable
a user to access data as memory. The access control
logic 314 may include a memory 324 controller which, in
this example, may be implemented with a DRAM con-
troller that may control DRAM that may be used to im-
plement the memory media 302. The access control logic
314 may also include a storage controller 326 which, in
this example, may be implemented with a flash transla-
tion layer (FTL) and/or a NAND controller (e.g. a NAND
channel controller) that may control NAND flash that may
be used to implement the storage media 304. Examples
of operations that may be implemented by access control
logic 314 may include any of the memory and/or storage
media access schemes disclosed herein including those
described and illustrated with respect to Figs. 1 through
11.
[0049] In some embodiments, the device 300 may also
include configuration logic 318 that may enable a user
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to configure one or more of the components and/or op-
erations illustrated in Fig. 3, for example, based on con-
figuration information 319. In an embodiment in which
the communication interface 306 may implement CXL,
the configuration information 319 may be received from
a user, for example, using the CXL.io protocol. Examples
of configuration information 319 may include amounts,
types, and/or the like of memory media 302, storage me-
dia 304, invisible cache space 310, visible memory space
304A, and/or invisible endurance space 304B, one or
more cache policies, and/or the like that the configuration
logic 318 may use to configure the media and/or spaces
illustrated in Fig. 3.
[0050] In some embodiments, the device 300 may also
include a device translation lookaside buffer (TLB) 328
that may cache address translations, for example, to en-
able the device 300 to support shared virtual memory
(SVM) by processing (e.g., directly) data from an appli-
cation address space.
[0051] In some embodiments, the device 300 may also
include work logic 330 that may enable the device 300
to implement one or more operations related to data
movement, cache management, memory management,
storage management, and/or the like. Examples of op-
erations that may be implemented by the work logic 330
may include artificial intelligence (AI) and/or machine
learning (ML) training, inferencing, classification, gener-
ation, and/or the like. The work logic 330 may include a
work acceptance unit 332 (which may also be referred
to as a work submission unit), one or more work dispatch-
ers 334, and/or one or more work execution units 336.
The work acceptance unit 332 may include one or more
work queues 333 (which may also be referred to as sub-
mission queues) that may accept commands to invoke
any of the operations implemented by the work logic 330.
The work execution unit may execute, based on the com-
mands received at the work acceptance unit 332, any of
the operations implemented by the work logic 330. The
work dispatcher(s) 334 may fetch entries from the work
queue(s) 333 and pass the entries to the work execution
unit(s) 336 for execution. The work dispatcher(s) 334
may determine an order of execution of the commands
based on various factors such as the availability, capac-
ity, capability, and/or the like of one or more work exe-
cution units 336, the type of command and/or operation,
one or more priorities, privileges, and/or the like.
[0052] Examples of commands and/or operations re-
lated to data movement may include moving data to
and/or from visible (which may also be referred to as
exposed to and/or accessible by a user) memory, stor-
age, and/or the like (e.g., moving data between a host
system memory and a visible memory space in the stor-
age device), prefetching data from a storage medium 304
to a cache 310, and/or the like. In some embodiments,
the work execution unit(s) 336 may perform data transfer
operations using, for example, DMA, RDMA, RoCE,
and/or the like.
[0053] Examples of commands and/or operations re-

lated to cache management may include prefetching
and/or invalidating data for writing back data (e.g., to stor-
age medium 304) and/or discarding a portion of data in
a cache 310. Examples of commands and/or operations
related to storage management may include invalidating
data, for example, to inform the storage controller 326
that data in the storage medium 304 may be invalid and
therefore may be deleted and/or garbage collected from
the storage medium 304.
[0054] In some embodiments, one or more commands
and/or operations implemented by the work logic 330
may be offloaded from a host and/or other user. Thus,
depending on the implementation details, the work logic
330 may provide relatively efficient and/or low-overhead
scheme for moving data in user mode, kernel-mode,
and/or the like.
[0055] Alternatively, or additionally, some embodi-
ments may implement one or more commands and/or
operations similar to the work logic 330 using, for exam-
ple, a relatively simple mechanism such as implementing
commands using one or more CXL.io mechanisms (e.g.,
vendor-defined CXL.io mechanisms).
[0056] Any or all of the access logic 314, cache and/or
prefetch logic 312, configuration logic 318, work logic
330, translation lookaside buffer 328, and/or the like, may
be characterized and/or referred to, collectively and/or
individually, as control logic.
[0057] In the embodiment illustrated in Fig. 3, a portion
of the storage media 304 may be configured as a visible
memory space 304A that may be exposed to a user as
a memory space 303 (e.g., a volatile memory space). A
portion of the memory media 302 may be configured as
an invisible (to the user) cache space 310 for the visible
memory space 304A. The cache space 310 may be used,
for example, to reduce access times for frequency used
data (which may be placed in the cache space 310 by
cache and/or prefetch logic 312) and/or data that may be
prefetched to the cache space 310 (e.g., by cache and/or
prefetch logic 312, for example, based on receiving a
prefetch work command 335 from a user).
[0058] A user may access the memory space 303 us-
ing one or more memory load and/or store (load/store)
instructions 307 that may be sent to the access logic 314
through the communication interface 306 using, for ex-
ample, the CXL.mem protocol. If the data to be accessed
is located in the cache space 310 (e.g., a cache hit) for
either a load or store instruction, the cache and/or
prefetch logic 312 may use the memory controller 324 to
load or store the data to or from the cache space 310.
[0059] For example, if the access is a store, and the
previous version of the data at the designated memory
address is already present in the cache space 310 (e.g.,
a cache hit), the cache and/or prefetch logic 312 may,
depending on a cache replacement and/or eviction pol-
icy, store the new version of the data in the invisible cache
space 310 and/or the visible memory space 304A. For
instance, if the cache and/or prefetch logic 312 imple-
ments a least recently used (LRU) eviction policy, the
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cache and/or prefetch logic 312 may store the new data
in the cache space 310 (e.g., because recently used data
may be likely to be accessed again soon). The cache
and/or prefetch logic 312 may also store a copy of the
new data in the visible memory space 304A in storage
media 304 without delay if the cache and/or prefetch logic
312 implements a write-through policy, or the cache
and/or prefetch logic 312 may store a copy of the new
data in the visible memory space 304A in storage media
304 at a later time, (e.g., when the new data is later evict-
ed) if the cache and/or prefetch logic 312 implements a
write-back policy (e.g., an opportunistic write-back). If,
however, the cache and/or prefetch logic 312 implements
a most recently used (MRU) eviction policy, the cache
and/or prefetch logic 312 may not store the new data in
the cache space 310 in memory media 302 (e.g., be-
cause recently used data may not be likely to be ac-
cessed again for a relatively long time). Instead, the
cache and/or prefetch logic 312 may store the new data
in the visible memory space 304A in storage media 304.
[0060] As another example, if the access is a load, and
the previous version of the data at the designated mem-
ory address is already present in the cache space 310
(e.g., a cache hit), the cache and/or prefetch logic 312
may load the requested data from the cache space 310.
[0061] If, however, the accessed data is not located in
the cache space 310 (e.g., a cache miss), the access
logic 314 may use the storage controller 326 to read or
write the data from or to the visible memory space 304A.
Depending on the implementation details, the access log-
ic 314 and/or the storage controller 326 may access a
page, block, sector, and/or the like, containing the re-
quested data from the visible memory space 304A and
extract or insert the requested data which may be a byte,
word, cache line, and/or the like. If the access is a store,
the access logic 314 and/or the storage controller 326
may write the modified page, block, sector, and/or the
like, back to the visible memory space 304A. Depending
on a cache replacement policy implemented by the cache
and/or prefetch logic 312, a copy of the accessed data
may also be stored in the cache space 310. If the access
is a load, the access logic 314 and/or the storage con-
troller 326 may return (e.g., send to the user that sent
the request) the requested data which may be a byte,
word, cache line, and/or the like. In some embodiments,
the access logic 314 and/or the storage controller 326
may store (e.g., temporarily) the page, block, sector,
and/or the like, containing the requested data in a second
cache after reading it from the visible memory space
304A in the storage media 304. The access logic 314
and/or the storage controller 326 may then extract the
requested data from the second cache. The second
cache may be implemented, for example, as part of the
invisible cache space 310, within the access logic 314,
and/or the like.
[0062] In some embodiments, a portion of the storage
media 304 may be configured as invisible (to a user) en-
durance space (e.g., an overprovisioning (OP) space)

304B, for example, to enhance the endurance of the por-
tion of the storage media 304 implemented as the visible
memory space 304A. In some embodiments, the invisible
endurance space 304B may be implemented with a rel-
atively large amount of storage media to compensate for
a relatively large number of write cycles that may be en-
countered with a visible memory space 304A exposed
as memory.
[0063] Depending on the implementation details, the
embodiment illustrated in Fig. 3 may expose a relatively
large amount of storage media 304 as a volatile memory
space 303 at a relatively low cost. Moreover, the portion
of memory media 302 configured as cache space 310
may reduce access times (e.g., latency) for the memory
space 303.
[0064] The memory and/or storage spaces illustrated
in Fig. 3 are not limited to any specific sizes. For purposes
of illustrating some aspects of the disclosure, however,
in one example embodiment, the visible memory space
304A and invisible endurance space 304B may each be
implemented with 1TB of storage media, the memory
space 303 may be implemented as a 1TB memory space,
and the invisible cache space 310 may be implemented
as a 16GB cache space.
[0065] Depending on the implementation details, the
memory space 303 may be suitable to be mapped as
system memory (e.g., memory for general use that may
be allocated using operating system (e.g., Linux) memory
allocation commands such as malloc).
[0066] Depending on the implementation details, a us-
er such as an application may use the memory space
303 implemented in the embodiment illustrated in Fig. 3
without any awareness of, and/or capability of manipu-
lating, the underlying configuration of memory media 302
and/or storage media 304. For example, a host may run
an operating system, virtual machine manager, and/or
the like that may configure the memory space 303 and
allocate memory from the memory space 303 to an ap-
plication, virtual machine, and/or the like running on the
host. The application, virtual machine, and/or the like may
use the allocated memory from the memory space 303
without any awareness that the allocated memory may
be implemented with storage media 304 and/or cache
space 310 in memory media 302.
[0067] In some embodiments, a user (e.g., a host, an
application, a process, a service, an operating system,
another device, and/or the like) that is aware of, and/or
capable of manipulating, the underlying configuration of
memory media 302 and/or storage media 304, may use
one or more features to enhance the performance, en-
durance, and/or the like of the device illustrated in Fig.
3. For example, if a user will be accessing data currently
stored in the visible memory space 304 of the storage
media 304, and a copy of the data is not stored in the
cache space 310, the user may send a prefetch request
to the cache and/or prefetch logic 312 (e.g., by submitting
a work command 335 to the work acceptance unit 332)
to cause the cache and/or prefetch logic 312 to store a
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copy of the data in the cache space 310.
[0068] As another example, if a user will no longer ac-
cess data currently in the cache space 310, the user may
send a cache invalidate request to the cache and/or
prefetch logic 312 (e.g., by submitting a work command
335 to the work acceptance unit 332) to cause the cache
and/or prefetch logic 312 to invalidate the data in the
cache space 310 and/or a corresponding location in the
visible memory space 304. Depending on the implemen-
tation details, this may enable the storage controller 326
to garbage collect the data in the storage media 304.
[0069] As a further example, if a user will be using data
currently stored in system memory at a host, the user
may send a data transfer request to transfer the data
from the system memory to the memory space 303 (e.g.,
by submitting a work command 335 to the work accept-
ance unit 332). The work dispatcher(s) 334 may schedule
the data transfer request to be executed, for example,
by a work execution unit that may transfer the data, for
example, using an RDMA operation.
[0070] In some embodiments, one or more of the fea-
tures to enhance the performance, endurance, and/or
the like (e.g., prefetch commands, data transfer requests,
cache invalidate commands, and/or the like) may be used
by middleware at a host or other user.
[0071] Fig. 4 illustrates a second example embodiment
of a scheme for configuring and/or operating a device
having memory media and storage media in accordance
with example embodiments of the disclosure. The em-
bodiment illustrated in Fig. 4 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 1 in which similar elements may be in-
dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like. The device
400 illustrated in Fig. 4 may include one or more elements
similar to the embodiment illustrated in Fig. 3 in which
similar elements may be indicated by reference numbers
ending in, and/or containing, the same digits, letters,
and/or the like.
[0072] In some aspects, the configuration and/or op-
eration of the device 400 illustrated in Fig. 4 may be sim-
ilar to the configuration and/or operation of the device
300 illustrated in Fig. 3. However, in the embodiment
illustrated in Fig. 4, at least a portion of the memory space
403 exposed to a user may be implemented as a persist-
ent memory space. The persistent memory space 403
may be implemented with visible memory space 404A in
storage media 404 which may be inherently persistent.
[0073] The persistent memory space 403 may also be
implemented with an invisible cache space 410 within
memory media 402 that may be configured as a cache
for the visible memory space 404A in storage media 404.
To provide persistency to the invisible cache space 410,
the device 400 may configure a portion of the storage
media 404 as an invisible persistence space 404C. The
device 400 may also include persistency logic 416 and/or
a persistency power source 417. In response to a power
loss event, the persistency logic 416 may perform a data

transfer operation to flush the contents of the invisible
cache space 410 to the invisible persistence space 404C.
The persistency power source 417 may be configured to
provide power to one or more portions of the persistency
logic 416, the memory media 402, the storage media
404, and/or any other components that may be involved
in flushing data from the invisible cache space 410 to the
invisible persistence space 404C.
[0074] In some embodiments, the persistency power
source 417 may be implemented with one or more ca-
pacitors (e.g., supercapacitors), internal and/or external
batteries, and/or the like. In some embodiments, the per-
sistency logic 416 may be implemented with or as a Glo-
bal Persistency Flush (GPF) unit, for example, as part of
CXL.
[0075] Any or all of the access logic 414, cache and/or
prefetch logic 412, configuration logic 418, work logic
430, translation lookaside buffer 428, persistency logic
416, and/or the like, may be characterized and/or referred
to, collectively and/or individually, as control logic.
[0076] Depending on the implementation details, the
embodiment illustrated in Fig. 4 may expose a relatively
large amount of storage media 404 as a persistent mem-
ory space 403 at a relatively low cost. Moreover, the por-
tion of memory media 402 configured as cache space
410 may reduce access times (e.g., latency) for the per-
sistent memory space 403. As with the embodiment il-
lustrated in Fig. 3, the access logic 414 in the device 400
may enable a user to access the visible memory space
404A in storage media 404 as memory, for example, us-
ing CXL.mem through the communication interface 406.
[0077] In some embodiments, the persistent memory
space 403 may be implemented as special-purpose
memory (which may also be referred to as protected
memory or restricted memory). For example, if the device
400 is accessed using an operating system such as
Linux, some or all of the persistent memory space 403
may be mapped as special-purpose memory which, de-
pending on the implementation details, may prevent it
from being allocated as system (e.g., general) memory
using memory allocation commands such as malloc.
[0078] The memory and/or storage spaces illustrated
in Fig. 4 are not limited to any specific sizes. For purposes
of illustrating some aspects of the disclosure, however,
in one example embodiment, the visible memory space
404A may be implemented with 1TB of storage media,
the persistent memory space 403 may be implemented
as a 1TB memory space, the invisible endurance space
404B may be implemented with 894GB of storage media,
and the invisible cache space 410 may be implemented
16GB of memory media 402.
[0079] Fig. 5 illustrates a third example embodiment
of a scheme for configuring and/or operating a device
having memory media and storage media in accordance
with example embodiments of the disclosure. The em-
bodiment illustrated in Fig. 5 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 1 in which similar elements may be in-
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dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like. The device
500 illustrated in Fig. 5 may include one or more elements
similar to the embodiments illustrated in Fig. 3 and/or Fig.
4 in which similar elements may be indicated by reference
numbers ending in, and/or containing, the same digits,
letters, and/or the like.
[0080] In some aspects, the configuration and/or op-
eration of the device 500 illustrated in Fig. 5 may be sim-
ilar to the configuration and/or operation of the device
400 illustrated in Fig. 4. However, in the embodiment
illustrated in Fig. 5, a first portion of the storage media
504 may be configured as visible memory space 504A,
and a second portion of the storage media 504 may be
configured as visible storage space 504B. Thus, portions
of the storage media 504 may be exposed as both per-
sistent memory space 503 and storage space 505.
[0081] A first portion of the memory media 502 may be
configured as invisible cache space 510A for the visible
memory space 504A (which may be exposed as persist-
ent memory space 503). Although the visible storage
space 504B may be operated without a cache, in some
embodiments, a second portion of the memory media
502 may be configured as invisible read cache space
510B for the visible storage space 504B.
[0082] In some embodiments, a portion 504D of the
storage media 504 may be configured as invisible per-
sistence space for the invisible cache space 510A. Ad-
ditionally, or alternatively, the portion 504D of the storage
media 504 may be configured as invisible endurance
space for the visible memory space 504A. In some em-
bodiments, a portion of the storage media 504 may be
configured as invisible endurance space 504C for the
visible storage space 504B.
[0083] To provide access to the visible storage space
504B as storage, the access logic 514 may include a
storage protocol controller 521 that, in this embodiment,
may be implemented with an NVMe controller, but in oth-
er embodiments may be implemented with any other type
of protocol controller that may enable a user to access
data as storage, for example, using logical block address-
es (LBAs). In some embodiments, an NVMe protocol may
be implemented with an underlying transport scheme
based on CXL.io.
[0084] A user may access the storage space 505 using
one or more storage read and/or write (read/write) in-
structions 509 that may be sent to the access logic 514
through the communication interface 506 using, for ex-
ample, a storage protocol (which may also be referred
to as a storage access protocol) such as NVMe (e.g.,
NVMe, NVMe-oF, and/or the like). If the data accessed
is located in the cache space 510B (e.g., a cache hit),
the access logic 514 may use the storage controller 524
to read or write the data to or from the cache space 510B.
If the access is a write, the corresponding memory loca-
tion in the visible storage space 504B in the storage me-
dia 504 may be updated using a write back operation 569
(e.g., opportunistic write back), a write through operation,

and/or the like, which may be controlled, for example, by
the cache and/or prefetch logic 512.
[0085] If, however, the accessed data is not located in
the cache space 510B (e.g., a cache miss), the access
logic 514 may use the storage controller 526 to read or
write the data from or to the visible storage space 504B.
If the access is a write, the access logic 514 and/or the
storage controller 526 may write the data (e.g., page,
block, sector, and/or the like) to the visible storage space
504B. Depending on a cache replacement policy imple-
mented by the cache and/or prefetch logic 512, a copy
of the accessed data may be stored in the cache space
510B.
[0086] Thus, in some embodiments, the device 500
may expose a memory space 503 (which may be ac-
cessed using a memory access protocol such as CXL)
and a storage space 505 (which may be accessed using
a storage access protocol such as NVMe), both of which
may be implemented with storage media 504. Either or
both of the memory space 503 and/or storage space 505
may also implement a cache (e.g., cache space 510A
for memory space 503 and/or cache space 510B for stor-
age space 505.
[0087] In some embodiments, the memory space 503
and storage space 505 may be implemented using sep-
arate logical devices. For example, the memory protocol
controller 520 may be implemented with a CXL interface
controller as a first logical device, and the storage proto-
col controller 521 may be implemented with an NVMe
controller. Moreover, in some embodiments, the commu-
nication interface 506 may be implemented with a single
underlying transport scheme (e.g., PCIe, CXL.io, Ether-
net, InfiniBand, and/or the like), connector, and/or the
like. Thus, in some embodiments, a user may access,
through the same slot, connector, and/or the like, a mem-
ory space 503 with a first logical device using memory
load/store commands and a memory access protocol
such as CXL, and a storage space 505 with a second
logical device using storage read/write commands and
a storage protocol such as NVMe.
[0088] Depending on the implementation details, the
embodiment illustrated in Fig. 5 may expose a relatively
large amount of storage media 504 as a persistent mem-
ory space 503 at a relatively low cost. Moreover, to the
extent the storage media 504 may include more capacity
than may be used for persisting the cache space 510A,
the excess storage media 504 may be implemented as
visible storage space 504B which may be exposed as a
storage space 505. Additionally, the one or more portions
of memory media 502 configured as cache space 510A
and/or 510B may reduce access times (e.g., latency) for
the persistent memory space 503 and/or storage space
505.
[0089] In some embodiments, the persistent memory
space 503 may be implemented as special-purpose
memory. For example, if the device 500 is accessed us-
ing an operating system such as Linux, some or all of the
persistent memory space 503 may be mapped as spe-
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cial-purpose memory which, depending on the imple-
mentation details, may prevent it from being allocated as
system (e.g., general) memory using memory allocation
commands such as malloc.
[0090] The memory and/or storage spaces illustrated
in Fig. 5 are not limited to any specific sizes. For purposes
of illustrating some aspects of the disclosure, however,
in one example embodiment, the visible memory space
504A may be implemented with 256GB of storage media,
the persistent memory space 503 may be implemented
as a 256GB memory space, the invisible persistence
and/or endurance space 504D may be implemented with
256GB of storage media, the invisible cache space 510A
may be implemented 12GB of memory media, the visible
storage space 504B may be implemented with 1TB of
storage media, storage space 505 may be implemented
as a 1TB storage space, the invisible endurance space
504C may be implemented with 512GB of storage media,
and the invisible read cache space 510B may be imple-
mented 4GB of memory media.
[0091] Any or all of the access logic 514, cache and/or
prefetch logic 512, configuration logic 518, work logic
530, translation lookaside buffer 528, persistency logic
516, and/or the like, may be characterized and/or referred
to, collectively and/or individually, as control logic.
[0092] Fig. 6 illustrates a fourth example embodiment
of a scheme for configuring and/or operating a device
having memory media and storage media in accordance
with example embodiments of the disclosure. The em-
bodiment illustrated in Fig. 6 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 2 in which similar elements may be in-
dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like. The device
600 illustrated in Fig. 6 may include one or more elements
similar to the embodiments illustrated in Fig. 3, Fig. 4,
and/or Fig. 5 in which similar elements may be indicated
by reference numbers ending in, and/or containing, the
same digits, letters, and/or the like.
[0093] In some aspects, the configuration and/or op-
eration of the device 600 illustrated in Fig. 6 may be sim-
ilar to the configuration and/or operation of the device
400 illustrated in Fig. 4. However, in the embodiment
illustrated in Fig. 6, a portion of the memory media 602
may be configured as visible memory space 611 that may
be exposed as persistent memory space 603. A portion
of the storage media 604 may be configured as invisible
persistence space 604A for the visible memory space
611. Some or all of the contents of the visible memory
space 611 may be persisted (e.g., flushed) to the invisible
persistence space 604A, for example, by the persistency
logic 616 (e.g., based on a power loss event) using power
supplied by the persistency power source 617.
[0094] A user may access the persistent memory
space 603 using one or more memory load/store instruc-
tions 607 that may be sent to the access logic 614 through
the communication interface 606 using, for example, the
CXL.mem protocol.

[0095] Depending on the implementation details, the
device 600 may provide a relatively high-performance
(e.g., low latency and/or high bandwidth) persistent mem-
ory space 603 using a relatively low cost combination of
memory media 602 (e.g., DRAM) and storage media 604
(e.g., NAND flash memory). In some embodiments, the
access control logic 614 may implement essentially the
entire persistent memory space 603 with the visible mem-
ory space 611 which may be implemented with relatively
high performance DRAM. Depending on the implemen-
tation details, this may produce a relatively high-perform-
ance (e.g., low latency) persistent memory space 603
because, for example, essentially all access requests for
the persistent memory space 603 may be serviced by
the memory media 602 rather than involving an access
of the storage media 604.
[0096] In some embodiments, the persistent memory
space 603 may be implemented as special-purpose
memory.
[0097] The memory and/or storage spaces illustrated
in Fig. 6 are not limited to any specific sizes. For purposes
of illustrating some aspects of the disclosure, however,
in one example embodiment, the visible memory space
611 may be implemented with 16GB of memory media,
the persistent memory space 603 may be implemented
as a 16GB memory space, and the invisible persistence
space 604A may be implemented with 1TB of storage
media 604.
[0098] Any or all of the access logic 614, cache and/or
prefetch logic 612, configuration logic 618, work logic
630, translation lookaside buffer 628, persistency logic
616, and/or the like, may be characterized and/or referred
to, collectively and/or individually, as control logic.
[0099] Fig. 7 illustrates a fifth example embodiment of
a scheme for configuring and/or operating a device hav-
ing memory media and storage media in accordance with
example embodiments of the disclosure. The embodi-
ment illustrated in Fig. 7 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 2 in which similar elements may be in-
dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like. The device
700 illustrated in Fig. 7 may include one or more elements
similar to the embodiments illustrated in Fig. 3, Fig. 4,
Fig. 5, and/or Fig. 6 in which similar elements may be
indicated by reference numbers ending in, and/or con-
taining, the same digits, letters, and/or the like.
[0100] In some aspects, the configuration and/or op-
eration of the device 700 illustrated in Fig. 7 may be sim-
ilar to the configuration and/or operation of the device
500 illustrated in Fig. 5. However, in the embodiment
illustrated in Fig. 7, a portion of the memory media 702
may be configured as visible memory space 711 that may
be exposed as persistent memory space 703. A portion
of the storage media 704 may be configured as invisible
persistence space 704A for the visible memory space
711. Some or all of the contents of the visible memory
space 711 may be persisted (e.g., flushed) to the invisible
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persistence space 704A, for example, by the persistency
logic 716 (e.g., based on a power loss event) using power
supplied by the persistency power source 717.
[0101] Depending on the implementation details, the
device 700 may provide a relatively high-performance
(e.g., low latency and/or high bandwidth) persistent mem-
ory space 703 using a relatively low cost combination of
memory media 702 (e.g., DRAM) and storage media 704
(e.g., NAND flash memory) for persistence. In some em-
bodiments, the access control logic 714 may implement
essentially the entire persistent memory space 703 with
the visible memory space 711 which may be implement-
ed with relatively high performance DRAM. Depending
on the implementation details, this may produce a rela-
tively high-performance (e.g., low latency) persistent
memory space 703 because, for example, essentially all
access requests for the persistent memory space 703
may be serviced by the memory media 702 rather than
involving an access of the storage media 704.
[0102] As with the device 500 illustrated in Fig. 5, the
device 700 illustrated in Fig. 7 may implement the per-
sistent memory space 703 with a first logical device and
the storage space 705 with a second logical device. Thus,
in some embodiments, a user may access, through the
same slot, connector, and/or the like, a relatively high
performance memory space 703 with a first logical device
using memory load/store commands and a memory ac-
cess protocol such as CXL, and a storage space 705 with
a second logical device using storage read/write com-
mands and a storage protocol such as NVMe. Moreover,
the storage media 704 may include more capacity than
may be used by invisible persistence space 704A to per-
sist the visible memory space 711. Thus, the excess stor-
age media may be used to implement visible storage
space 704B which may be exposed as a storage space
705. Additionally, although the visible memory space 711
may be exposed as storage space 705 without cache, if
a portion of the memory media 702 is configured as cache
space 711, it may reduce access times (e.g., latency) for
the storage space 705.
[0103] In some embodiments, the persistent memory
space 703 may be implemented as special-purpose
memory.
[0104] The memory and/or storage spaces illustrated
in Fig. 7 are not limited to any specific sizes. For purposes
of illustrating some aspects of the disclosure, however,
in one example embodiment, the visible memory space
711 may be implemented with 12GB of memory media,
the persistent memory space 703 may be implemented
as a 12GB memory space, the invisible persistence
space 704A may be implemented with 128GB of storage
media, the invisible read cache space 710 may be im-
plemented 4GB of memory media, the storage space 705
may be implemented as a 1TB storage space, the visible
storage space 704B may be implemented with 1TB of
storage media, and the invisible endurance space 704C
may be implemented with 894GB of storage media.
[0105] Any or all of the access logic 714, cache and/or

prefetch logic 712, configuration logic 718, work logic
730, translation lookaside buffer 728, persistency logic
716, and/or the like, may be characterized and/or referred
to, collectively and/or individually, as control logic.
[0106] Fig. 8 illustrates a sixth example embodiment
of a scheme for configuring and/or operating a device
having memory media and storage media in accordance
with example embodiments of the disclosure. The em-
bodiment illustrated in Fig. 8 may be used to implement,
and/or may be implemented with, for example, the device
illustrated in Fig. 1 in which similar elements may be in-
dicated by reference numbers ending in, and/or contain-
ing, the same digits, letters, and/or the like. The device
800 illustrated in Fig. 8 may include one or more elements
similar to the embodiments illustrated in Fig. 3, Fig. 4,
Fig. 5, Fig. 6, and/or Fig. 7 in which similar elements may
be indicated by reference numbers ending in, and/or con-
taining, the same digits, letters, and/or the like.
[0107] In some aspects, the configuration and/or op-
eration of the device 800 illustrated in Fig. 8 may be sim-
ilar to the configuration and/or operation of the device
400 illustrated in Fig. 4. However, in the embodiment
illustrated in Fig. 8, a portion of the storage media 804
may be configured as a visible memory and/or storage
space 804A that may be exposed as a memory and/or
storage space 840 that may be accessed as storage
and/or as memory. For example, the visible memory
and/or storage space 804A may be accessed as memory
using memory load/store instructions sent to the access
logic 814 using a memory access protocol such as CXL
(e.g., in an embodiment in which the memory protocol
controller 820 is implemented with a CXL controller). Ad-
ditionally, or alternatively, the visible memory and/or stor-
age space 804A may be accessed as storage using stor-
age read/write instructions sent to the access logic 814
using a storage access protocol such as NVMe (e.g., in
an embodiment in which the storage protocol controller
821 is implemented with an NVMe controller).
[0108] In some embodiments, the visible memory
and/or storage space 804A and the memory and/or stor-
age space 840 that may be accessed as storage and/or
as memory may be implemented, for example, using a
dual mode access scheme as described below.
[0109] In some embodiments, the visible memory
and/or storage space 804A may be configured without a
cache. In some embodiments, however, a portion of the
memory media 802 may be configured as an invisible
cache space 810 for the visible memory and/or storage
space 804A. To prevent data loss (e.g., based on a power
loss event), the persistency logic 816 may flush data in
the invisible cache space 810 to a portion of the storage
media 804 that may be configured as invisible persist-
ence space 804C. Another portion of the storage media
804 may be configured as invisible endurance space for
the visible memory and/or storage space 804A.
[0110] Because a portion of the memory and/or stor-
age space 840 may be configured to be accessed as
both memory and storage using different access mech-
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anisms, in some embodiments, it may be beneficial to
configure the memory as special-purpose memory. De-
pending on the implementation details, this may prevent
an operating system from allocating memory, which may
also be accessed as storage, as general memory.
[0111] In some embodiments, the memory and/or stor-
age space 840 may be implemented primarily as a stor-
age space, for example, by configuring the memory
and/or storage space 840 as visible storage space by
default. One or more portions of the memory and/or stor-
age space 840 may additionally be configured as visible
memory space (e.g., for dual mode access) on an as-
needed basis, on an as-used basis, when requested by
a user, and/or the like. In some embodiments, the mem-
ory and/or storage space 840 may be controlled by an
NVMe driver, a file system, and/or the like, which may
be referred to as an owner. For example, an owner may
determine which of one or more portions of the memory
and/or storage space 840 may be accessed by one or
more specific users and for one or more specific amounts
of time.
[0112] In some embodiments, an owner of a portion of
the memory and/or storage space 840 may configure,
operate, and/or the like, one or more additional caches
(e.g., other than CPU caches), for example, in system
memory (e.g., DRAM) at a host. In such an embodiment,
the owner may implement a coherency scheme between
one or more portions of memory and/or storage space
840 configured as memory and the one or more additional
caches.
[0113] Some embodiments may implement one or
more features for data consistency and/or coherency be-
tween data accessed as storage (e.g., using NVMe) and
data accessed as memory (e.g., using CXL). For exam-
ple, if a device is implemented with a memory buffer (e.g.,
as a CXL Type-3 device and/or using a CXL 2.0 protocol),
a host (or an application, process, service, operating sys-
tem, VM, VM manager, and/or the like, running on the
host) may implement one or more schemes for data con-
sistency and/or coherency for explicit CPU or accelerator
cache flushes for one or more memory accesses and
fence and/or barrier synchronization mechanisms.
[0114] In some embodiments, a device accessing a
portion of the memory and/or storage space 840 as stor-
age may perform one or more data consistency and/or
coherency operations. For example, if a device is imple-
mented with an accelerator (e.g., as a CXL Type-2 device
and/or using a CXL 2.0 protocol), the device may be con-
figured to issue an ownership request (e.g., using
CXL.cache) based on a write to memory and/or storage
space 840 as storage (e.g., an NVMe write). As another
example, for a device using a memory access protocol
with back-invalidation snoop capability (e.g., CXL 3.0)
the device may be configured to use either a back-inval-
idation snoop (e.g., using CXL.cache and/or CXL.mem)
based on a write to memory and/or storage space 840
as storage (e.g., an NVMe write).
[0115] Although the embodiment illustrated in Fig. 8 is

not limited to any specific uses, applications, and/or the
like, in one example use case, the device 800 may be
used to implement memory mapped storage, for exam-
ple, using a dual mode access scheme. Depending on
the implementation details, such an embodiment may
provide improved performance (e.g., lower latency) com-
pared, for example, to a memory mapped storage
scheme that may be implemented in an operating system
such as mmap in Linux.
[0116] Any or all of the access logic 814, cache and/or
prefetch logic 812, configuration logic 818, work logic
830, translation lookaside buffer 828, persistency logic
816, and/or the like, may be characterized and/or referred
to, collectively and/or individually, as control logic.
[0117] Fig. 9 illustrates a seventh example embodi-
ment of a scheme for configuring and/or operating a de-
vice having memory media and storage media in accord-
ance with example embodiments of the disclosure. The
embodiment illustrated in Fig. 9 may be used to imple-
ment, and/or may be implemented with, for example, the
device illustrated in Fig. 1 in which similar elements may
be indicated by reference numbers ending in, and/or con-
taining, the same digits, letters, and/or the like. The de-
vice 900 illustrated in Fig. 9 may include one or more
elements similar to the embodiments illustrated in Fig. 3,
Fig. 4, Fig. 5, Fig. 6, Fig. 7, and/or Fig. 8 in which similar
elements may be indicated by reference numbers ending
in, and/or containing, the same digits, letters, and/or the
like.
[0118] In some aspects, the configuration and/or op-
eration of the device 900 illustrated in Fig. 9 may be sim-
ilar to the configuration and/or operation of the device
800 illustrated in Fig. 8. However, the embodiment illus-
trated in Fig. 9 may not include persistency logic and/or
a persistency power source. Thus, the device 900 may
provide a user with one or more commands such as a
cache flush command (e.g., using the work logic 930) to
enable the user to manage persistency of data in the
invisible cache space 910. Such an embodiment may be
used, for example, in an implementation in which an ex-
ternal power source is used to provide backup power to
the device 900, and the user is aware of a power loss
event.
[0119] In some embodiments, a dual mode access
scheme may refer to an access scheme in which a portion
of storage media may be accessed as memory using a
memory access method and as storage using a storage
access method.
[0120] Fig. 10 illustrates an embodiment of a dual
mode storage access scheme in accordance with exam-
ple embodiments of the disclosure. The embodiment il-
lustrated in Fig. 10 may include a host 1001 and a storage
device 1000. The host 1001 may include one or more
processors that may run an operating system 1046 and
an application 1044.
[0121] The storage device 1000 may include memory
media 1002 (e.g., DRAM), storage media 1004 (e.g.,
NAND flash), a communication interface 1042, and a
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cache controller 1012. In some embodiments, memory
media 1002 may be addressable in relatively smaller
units such as bytes, words, cache lines, and/or the like,
whereas storage media 1004 may be addressable in rel-
atively larger units such as pages, blocks, sectors, and/or
the like. The storage device 1000 may be configured to
enable the host to access the storage media 1004 as
storage using a first data transfer mechanism 1048, or
as memory using a second data transfer mechanism
1050. In one example embodiment, the communication
interface 1042 may implement the first data transfer
mechanism 1048 using CXL.io, and the second data
transfer mechanism using CXL.mem. The configuration
illustrated in Fig. 10 may enable the operating system
(e.g., Linux) 1046 to access the storage media 1004 as
storage, for example, using a file system based access
scheme that supports an NVMe protocol running over
CXL.io. For example, a file system in the operating sys-
tem 1046 may access data in the storage media 1004
using NVMe read and/or write commands that may read
data from, and/or write data to, the storage media 1004
in units of one or more pages.
[0122] The configuration illustrated in Fig. 10 may also
enable the application 1044 to access the storage media
1004 as memory, for example, with memory load/store
instructions using CXL.mem. In some embodiments, the
cache controller 1012 may configure a portion of the
memory media 1002 as a cache for the storage media
1004. For example, because memory load and/or store
commands may access data in relatively smaller units
such as bytes, words, cache lines, and/or the like, and
because storage read and/or write commands may ac-
cess the storage media 1004 in relatively larger units
such as pages, blocks, sectors, and/or the like, the stor-
age device 1000 may service a memory load command
for data (e.g., a byte, word, cache line, and/or the like) in
the storage media 1004 by reading a page, block, sector,
and/or the like, containing the requested data from the
storage media 1004 and storing the page, block, sector,
and/or the like in a cache (e.g., in a portion of memory
media 1002). The storage device 1000 may then extract
the requested data from the cache and return it in re-
sponse to the memory load command.
[0123] The embodiment illustrated in Fig. 10 may be
used, for example, to implement a memory mapped stor-
age scheme in accordance with example embodiments
of the disclosure. Depending on the implementation de-
tails, such a scheme may improve performance (e.g.,
reduce latency) compared, for example, to a memory
mapped file scheme implemented by an operating sys-
tem. For example, an operating system such as Linux
may implement a memory mapped file scheme in which,
for an application running at a host to read, as memory,
data in a file stored in storage media at a storage device,
the operating system may read, as storage, a sector from
the storage media using an NVMe protocol. The operat-
ing system may then store the sector in main memory
(e.g. DRAM) from which the application may load the

requested data.
[0124] However, in dual mode access scheme illus-
trated in Fig. 10, the operating system 1046 may be con-
figured to enable the application 1044 to access, as mem-
ory, a file stored in the storage media 1004 relatively di-
rectly, for example, by bypassing one or more operations
of the operating system 1046 and using the second data
transfer mechanism 1050 (e.g., CXL). For instance, in
an example storage access operation, the application
1044 may send a memory load command (e.g., using
CXL which may bypass the operating system 1046) to
the storage device 1000 to request a byte of data in the
storage media 1004. If the requested byte of data is
stored in a cache (e.g., in a portion of memory media
1002), the cache controller 1012 may read the requested
data from the cache and return the requested data in
response to the memory load command. However, even
if the requested data is not stored in a cache, and the
cache controller 1012 uses a storage read command to
read a page containing the requested byte of data from
the storage media 1004 (which may then be stored in a
cache from which the memory load command may be
serviced), the memory load command may still bypass
the operating system 1046. Depending on the implemen-
tation details, this may reduce overhead, power con-
sumption, latency, and/or the like, associated with an op-
erating system transferring a sector to host memory. Us-
ing the second data transfer mechanism 1050 (e.g.,
CXL.mem) may also result in a faster data transfer com-
pared, for example, to using a storage protocol such as
NVMe running over a relatively slow PCIe or CXL.io
transport scheme.
[0125] Fig. 11 illustrates another embodiment of a dual
mode storage access scheme in accordance with exam-
ple embodiments of the disclosure. For purposes of illus-
tration, the embodiment illustrated in Fig. 11 may be de-
scribed in the context of a storage device 1100 that may
access data in units of sectors. However, other embod-
iments may access storage media in units of pages,
blocks, and/or the like.
[0126] The embodiment illustrated in Fig. 11 may in-
clude a storage device 1100 having storage media 1104
and a DMA engine 1152. Data may be stored in the stor-
age media 1104 as sectors 1154-0, 1154-1, ..., 1154-N-
1 (which may be referred to collectively and/or individu-
ally as 1154). A sector may include, for example, 512
bytes numbered 0 through 511. A memory mapped file
1156 may be stored in one or more sectors 1154 including
sector 1154-A which may include data of interest stored
in byte 1.
[0127] A host 1101 may include a system memory
space 1158 having a main memory region 1162 that may
be implemented, for example, with dual inline memory
modules (DIMMS) on a circuit board (e.g., a host moth-
erboard). Some or all of the storage media 1104 may be
mapped, using a memory access protocol such as CXL,
as host managed device memory (HDM) 1162 to a region
of the system memory space 1158.
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[0128] The host 1101 (or an application, process, serv-
ice, virtual machine (VM), VM manager, and/or the like,
running on the host) may access data in the memory
mapped file 1156 as storage using a first access mode
(which may also be referred to as a method) or as memory
using a second access mode.
[0129] The first mode may be implemented by an op-
erating system running on the host 1101. The operating
system may implement the first mode with a storage ac-
cess protocol such as NVMe using an NVMe driver 1164
at the host 1101. The NVMe protocol may be implement-
ed with an underlying transport scheme based, for ex-
ample, on CXL.io which may use a PCIe physical layer.
The NVMe driver 1164 may use a portion 1166 of system
memory 1158 for PCIe configuration (PCI CFG), base
address registers (BAR), and/or the like.
[0130] An application (or other user) may access data
in the file 1156 in units of sectors (or blocks, pages, and/or
the like) using one or more storage read/write instructions
1168. For example, to read the data stored in byte 1 in
sector 1154-A of file 1156, an application (or other user)
may issue, to the NVMe driver 1164, a storage read com-
mand 1168 for the sector 1154-A that includes byte 1.
The NVMe driver 1164 may initiate a DMA transfer by
the DMA engine 1152 as shown by arrow 1170. The DMA
engine 1152 may transfer the sector 1154-A to the main
memory region 1160 of system memory 1158 as shown
by arrow 1172. The application may then access byte 1
by reading it from the main memory region 1160.
[0131] The second mode may be implemented with a
memory access protocol such as CXL which may map
the storage media 1104 as host managed device memory
(HDM) 1162 to a region of the system memory space
1158. Thus, the sector 1154-A including byte 1 may be
mapped to the HDM region 1162.
[0132] An application (or other user) may also access
data in the file 1156 in units of bytes (or words, cache
lines, and/or the like) using one or more memory
load/store instructions 1174. For example, to read the
data stored in byte 1 of the file 1156, an application (or
other user) may issue a memory load command 1174.
The data stored in byte 1 may be transferred to the ap-
plication using, for example, the CXL.mem protocol as
shown by arrows 1176 and 1178.
[0133] Depending on the implementation details, ac-
cessing the data stored in byte 1 of the file 1156 using
the second mode (e.g., using CXL) may reduce latency
(especially, in some embodiments, when accessing data
in relatively small units), increase bandwidth, reduce
power consumption, and/or the like, for any number of
the following reasons. In a CXL scheme, a sector may
be mapped, rather than copied to system memory, there-
by reducing data transfers. In a CXL scheme, data may
be byte addressable, thereby reducing the amount of da-
ta transferred to access the data of interest in byte 1 as
compared to copying an entire sector to system memory.
A CXL scheme may provide an application or other user
may more direct access to data, for example, by bypass-

ing some or all of an operating system as also illustrated
in Fig. 10. As with the embodiment described above with
respect to Fig. 10, in the embodiment illustrated in Fig.
11, data accessed in a sector 1154 using memory
load/store instructions 1174 may be accessed using a
cache that may be implemented with memory media that
may be located, for example, in the storage device 1100,
system memory space 1158, and/or the like. Such a
cache configuration may be used, for example, because
the sectors 1154 or other storage media in storage device
may only be accessible in units of sectors, blocks, pages,
and/or the like, whereas a memory load/store command
1174 may access data in units of bytes, words, cache
lines, and/or the like.
[0134] Fig. 12 illustrates an example embodiment of a
host apparatus that may be used to implement any func-
tionality of a host (or other user such as an application,
process, service, operating system, VM, VM manager,
and/or the like) disclosed herein in accordance with ex-
ample embodiments of the disclosure. The host appara-
tus 1200 illustrated in Fig. 12 may include a processor
1202, which may include a memory controller 1204, a
system memory 1206, host logic 1208, and/or a commu-
nication interface 1210. Any or all of the components il-
lustrated in Fig. 12 may communicate through one or
more system buses 1212. In some embodiments, one or
more of the components illustrated in Fig. 12 may be
implemented using other components. For example, in
some embodiments, the host logic 1208 may be imple-
mented by the processor 1202 executing instructions
stored in the system memory 1206 or other memory. In
some embodiments, the host logic 1208 may be used to
implement any user functionality relating to configuring,
operating, and/or the like, a device as disclosed herein.
For example, the host logic 1208 may be used to send
one or more commands to configure a device (e.g., using
configuration logic), send one or more commands to per-
form a data movement operation, cache management
operation, and/or the like, send one or more memory ac-
cess requests, send one or more storage access re-
quests, and/or the like.
[0135] Fig. 13 illustrates an example embodiment of a
storage device that may be used to implement any of the
device functionality disclosed herein that may be imple-
mented with a storage device in accordance with exam-
ple embodiments of the disclosure. The storage device
1300 may include a device controller 1302, a media trans-
lation layer 1304 (e.g., an FTL), storage and/or memory
media 1306, processing control logic 1316, and a com-
munication interface 1310. The components illustrated
in Fig. 13 may communicate through one or more device
buses 1312. In some embodiments that may use flash
memory for some or all of the media 1306, the media
translation layer 1304 may be implemented partially or
entirely as a flash translation layer (FTL). In some em-
bodiments, the processing control logic 1316 may be
used to implement any of the control logic disclosed here-
in, for example, access control logic, cache logic, per-
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sistency logic, configuration logic, work logic, and/or the
like.
[0136] Fig. 14 illustrates a first example embodiment
of a device configuration scheme in accordance with ex-
ample embodiments of the disclosure. The embodiment
illustrated in Fig. 14 may be used to implement, and/or
may be implemented with, for example, any of the appa-
ratus and/or schemes disclosed herein in which similar
elements may be indicated by reference numbers ending
in, and/or containing, the same digits, letters, and/or the
like.
[0137] The embodiment illustrated in Fig. 14 may in-
clude a device 1400 that may include cache media 1402
and/or storage media 1404. The device 1400 may include
configuration logic 1418 that may be implemented, as
illustrated in Fig. 14 for example, with a device boot read
only memory (ROM), e.g., a CXL device boot ROM. The
device 1400 may be configured, for example, during a
power on process (e.g., a power on self test (POST))
illustrated on the left side of Fig. 14. The power on proc-
ess, which may be initiated, executed, and/or the like, for
example, by a host or other user, may begin at operation
1481-1 at which power may be applied to the device
1400. At operation 1481-2, a host or other user may ex-
ecute basic input and/or output service (BIOS) code that
may load and/or execute the device boot ROM 1418, for
example, by one or more processors or other circuits at
the device 1400.
[0138] The device boot ROM 1418 may enable a user
to configure the device 1400, for example, using a BIOS
user interface (UI) 1480 (e.g., a configuration screen that
may provide various menus, configuration settings,
and/or the like). Based on one or more configuration pa-
rameters provided through the UI 1480, the device boot
ROM 1418 may configure the cache media 1402 and/or
storage media 1404 at the device 1400. Examples of
configuration settings may include amounts, types,
and/or the like of cache media 1402, storage media 1404,
invisible cache space and/or visible memory space within
cache media 1402, visible storage space, invisible per-
sistency space, invisible endurance space, and/or the
like within storage media 1404, one or more cache poli-
cies, and/or the like, for one or more virtual devices within
the device 1400. For example, in some embodiments,
the device boot ROM 1418 may configure the device
1400 to implement one or more virtual devices that may
have various amounts of cache media 1402 and/or stor-
age media 1404.
[0139] In the example embodiment illustrated in Fig.
14, the device boot ROM 1418 may configure a first virtual
device 1400-1 as a first type of device (e.g., a PMEM
device) that may include a first portion 1402-1 of cache
media 1402 and/or a first portion 1404-1 of storage media
1404. The device boot ROM 1418 may also configure a
second virtual device 1400-2 as a second type of device
(e.g., a dual mode storage device with cache) that may
include a second portion 1402-2 of cache media 1402
and/or a second portion 1404-2 of storage media 1404.

The device boot ROM 1418 may further configure a third
virtual device 1400-3 as a third type of device (e.g., a
dual mode storage device)that may include a third portion
1404-3 of storage media 1404.
[0140] At operation 1481-3, based on a completion of
at least a portion of the configuration operation, a host
or other user, as well as the device 1400, may load and/or
start one or more operating systems. At operation
1481-4, some or all of the configuration process may be
completed, and the device 1400 may proceed to operate,
for example, by processing access requests. In some
embodiments, the configuration scheme illustrated in
Fig. 14 may be characterized as a static scheme be-
cause, depending on the implementation details, one or
more of the device and/or virtual devices may be config-
ured using the boot ROM at power on (e.g., only at power
on).
[0141] Fig. 15 illustrates a second example embodi-
ment of a device configuration scheme in accordance
with example embodiments of the disclosure. The em-
bodiment illustrated in Fig. 15 may be used to implement,
and/or may be implemented with, for example, any of the
apparatus and/or schemes disclosed herein in which sim-
ilar elements may be indicated by reference numbers
ending in, and/or containing, the same digits, letters,
and/or the like.
[0142] In the embodiment illustrated in Fig. 15, the con-
figuration logic 1518 may be implemented, as illustrated
in Fig. 15 for example, with a device configuration agent
(e.g., a CXL device configuration agent). The device con-
figuration agent 1518 may be accessed, for example as
a device for an operating system (e.g., at a host or other
user 1583) such as a file /dev/cxlmgmt0 that may be used
to configure the device 1500. The device configuration
agent 1518 may configure and/or partition the device
1500, as well as cache media 1502 and/or storage media
1504, to implement a physical device and/or one or more
virtual devices such as virtual devices 1500-1, 1500-2,
and/or 1500-3 which, for purposes of illustration, may be
similar to those illustrated in Fig. 14, but may be imple-
mented in any other configuration(s).
[0143] The embodiment illustrated in Fig. 15 may also
include a physical and/or virtual switch 1582 (e.g., a vir-
tual CXL switch) that may enable a host or other user
1583 to access one or more of the virtual devices 1500-1,
1500-2, and/or 1500-3. In this example embodiment, the
virtual devices 1500-1, 1500-2, and/or 1500-3 may be
configured as a PMEM device, a dual mode device with
cache, and/or a dual mode device, respectively. Thus, in
some embodiments, the virtual devices 1500-1, 1500-2,
and/or 1500-3 may be accessed using an operating sys-
tem as files /dev/cxl/pmem0, /dev/cxlnvmel, and/or
/dev/cxlnvme2, respectively. The virtual devices Dev 1,
Dev 2, and Dev 3 illustrated in Fig. 15 may be considered
virtual in the sense of being mapped to different address-
es. Thus, the virtual devices may be accessed by different
virtual machines, for example, as different files (e.g.,
/dev/cxl/pmem0, /dev/cxlnvme1, and/or /dev/cxlnvme2)
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through an operating system that may run a hypervisor
supporting the virtual machines.
[0144] In some embodiments, the configuration
scheme illustrated in Fig. 15 may be characterized as a
dynamic scheme because, depending on the implemen-
tation details, one or more of the device and/or virtual
devices may be configured using the device configuration
agent 1518 while the device is operating, for example,
to implement features such as hot plug, hot unplug,
and/or the like for the device 1500.
[0145] Fig. 16 illustrates an example embodiment of a
device configuration scheme with hot plug functionality
in accordance with example embodiments of the disclo-
sure. The embodiment illustrated in Fig. 16 may be used
to implement, and/or may be implemented with, for ex-
ample, the scheme illustrated in Fig. 15 and/or any of the
apparatus and/or schemes disclosed herein in which sim-
ilar elements may be indicated by reference numbers
ending in, and/or containing, the same digits, letters,
and/or the like.
[0146] Referring to Fig. 16, an example hot plug proc-
ess illustrated on the left side of Fig. 16 may involve an
operating system (OS) 1684 and/or system firmware
1685 in which time may progress in a downward direction.
A hot plug process may include an operation 1686-1 at
which device Dev1 (e.g., a virtual device) may be con-
figured and/or a hot plug process may be initiated, for
example, by the device configuration agent 1618 based
on detecting a hot plug of the device 1600. At operation
1686-2, system firmware 1685 may add the PMEM im-
plemented by device Dev1 to an address space (e.g., a
physical address space). At operation 1686-3, the sys-
tem firmware 1685 may notify the operating system 1684
to install the device Dev1 which may be accessible, for
example, as a file /dev/cxl/pmem0.
[0147] At operation 1686-4, the device configuration
agent 1618 may configure device Dev2 (e.g., a virtual
device). At operation 1686-5, the system firmware 1685
may notify the operating system 1684 to install the device
Dev2 which may be accessible, for example, as a file
/dev/cxlnvme1. At operation 1686-6, the device configu-
ration agent 1618 may configure device Dev3 (e.g., a
virtual device). At operation 1686-7, the system firmware
1685 may notify the operating system 1684 to install the
device Dev3 which may be accessible, for example, as
a file /dev/cxlnvme2. At operation 1686-8, the hot plug
detection and/or configuration process may be complet-
ed, and the devices may proceed to process access re-
quests, for example, from the operating system 1684,
host, and/or other user.
[0148] Fig. 17 illustrates an example embodiment of a
device configuration scheme with hot unplug functionality
in accordance with example embodiments of the disclo-
sure. The embodiment illustrated in Fig. 17 may be used
to implement, and/or may be implemented with, for ex-
ample, the scheme illustrated in Fig. 15 and/or any of the
apparatus and/or schemes disclosed herein in which sim-
ilar elements may be indicated by reference numbers

ending in, and/or containing, the same digits, letters,
and/or the like.
[0149] Referring to Fig. 17, an example hot unplug
process illustrated on the left side of Fig. 17 may involve
an operating system 1784 and/or system firmware 1785
in which time may progress in a downward direction. A
hot unplug process may include an operation 1787-1 at
which the operating system 1784 may stop one or more
(e.g., all) accesses of the device 1700. At operation
1787-2, preparations to take the device 1700 offline may
include, for example, closing one or more files, synchro-
nizing one or more buffers, flushing one or more CPU
caches, flushing one or more device buffers, and/or the
like.
[0150] At operation 1787-3, the operating system 1784
may notify the device configuration agent 1718 to initiate
a hot unplug process, for example, by flushing one or
more internal buffers. At operation 1787-4, the operating
system 1784 and/or firmware 1785 may remove one or
more portions of memory (e.g., PMEM) associated with
the device 1700 from an address space (e.g., a physical
address space). At operation 1787-5, the operating sys-
tem 1784 and/or firmware 1785 may send a request to
the device configuration agent 1718 to take the device
1700 offline.
[0151] At operation 1787-6, the device configuration
agent 1718 may remove device Dev1. At operation
1787-7, the system firmware 1785 may notify the oper-
ating system 1784 that device Dev1 has been removed.
At operation 1787-8, the device configuration agent 1718
may remove device Dev2. At operation 1787-9, the sys-
tem firmware 1785 may notify the operating system 1784
that device Dev2 has been removed. At operation
1787-10, the device configuration agent 1718 may re-
move device Dev3. At operation 1787-11, the system
firmware 1785 may notify the operating system 1784 that
device Dev3 has been removed. At operation 1787-12,
the hot unplug event may be detected, and the device
1700 may be powered down. At operation 1787-13, the
device 1700 may be removed, for example, from a slot,
chassis, rack, and/or the like.
[0152] Fig. 18 illustrates an example embodiment of a
hot unplug method for a device in accordance with ex-
ample embodiments of the disclosure. The embodiment
illustrated in Fig. 18 may be used to implement, and/or
may be implemented with, for example, the scheme il-
lustrated in Fig. 15, Fig. 17, and/or any of the apparatus
and/or schemes disclosed herein in which similar ele-
ments may be indicated by reference numbers ending
in, and/or containing, the same digits, letters, and/or the
like. For purposes of illustration, the method illustrated
in Fig. 18 may be described in the context of being im-
plemented with the device 1700 illustrated in Fig. 17, but
the method illustrated in Fig. 18 is not limited to the details
illustrated in Fig. 17.
[0153] Referring to Fig. 18, the method may begin at
operation 1888-1 at which an operating system 1784 may
close one or more device files and/or flush one or more
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buffers associated with the device 1700 being hot un-
plugged. At operation 1888-2, the operating system
1784, system firmware 1785, and/or the like may flush
one or more CPU caches associated with the device 1700
(and/or one or more virtual devices 1700-1, 1700-2,
and/or 1700-3 implemented with the device 1700). At op-
eration 1888-3, the operating system 1784, system
firmware 1785, and/or the like may send a flush request
to the device 1700, for example, to flush one or more
caches, buffers, and/or the like associated with the de-
vice 1700 (and/or one or more virtual devices 1700-1,
1700-2, and/or 1700-3). At operation 1888-4, the device
1700 may complete one or more flush operations re-
quested at operation 1888-3.
[0154] At operation 1888-5, the operating system
1784, system firmware 1785, and/or the like may remove
the device 1700 (and/or one or more virtual devices
1700-1, 1700-2, and/or 1700-3) from managed resourc-
es, for example, to prevent the use of, and/or allocation
of resources to, the device 1700. At operation 1888-6,
the operating system 1784, system firmware 1785,
and/or the like may send a request to the device 1700 to
take the device offline. At operation 1888-7, the device
1700 may be taken offline and/or powered down. At op-
eration 1888-8, the device 1700 may be removed, for
example, from a slot, chassis, rack, and/or the like.
[0155] Any of the functionality described herein, includ-
ing any of the user functionality, device functionally,
and/or the like (e.g., any of the control logic) may be im-
plemented with hardware, software, firmware, or any
combination thereof including, for example, hardware
and/or software combinational logic, sequential logic,
timers, counters, registers, state machines, volatile
memories such DRAM and/or SRAM, nonvolatile mem-
ory including flash memory, persistent memory such as
cross-gridded nonvolatile memory, memory with bulk re-
sistance change, PCM, and/or the like and/or any com-
bination thereof, complex programmable logic devices
(CPLDs), field programmable gate arrays (FPGAs), ap-
plication specific circuits (ASICs), central processing
units (CPUs) including CISC processors such as x86
processors and/or RISC processors such as ARM proc-
essors, graphics processing units (GPUs), neural
processing units (NPUs), tensor processing units
(TPUs), data processing units (DPUs), and/or the like,
executing instructions stored in any type of memory. In
some embodiments, one or more components may be
implemented as a system-on-chip (SOC).
[0156] Some embodiments disclosed above have
been described in the context of various implementation
details, but the principles of this disclosure are not limited
to these or any other specific details. For example, some
functionality has been described as being implemented
by certain components, but in other embodiments, the
functionality may be distributed between different sys-
tems and components in different locations and having
various user interfaces. Certain embodiments have been
described as having specific processes, operations, etc.,

but these terms also encompass embodiments in which
a specific process, operation, etc. may be implemented
with multiple processes, operations, etc., or in which mul-
tiple processes, operations, etc. may be integrated into
a single process, step, etc. A reference to a component
or element may refer to only a portion of the component
or element. For example, a reference to a block may refer
to the entire block or one or more subblocks. The use of
terms such as "first" and "second" in this disclosure and
the claims may only be for purposes of distinguishing the
elements they modify and may not indicate any spatial
or temporal order unless apparent otherwise from con-
text. In some embodiments, a reference to an element
may refer to at least a portion of the element, for example,
"based on" may refer to "based at least in part on," and/or
the like. A reference to a first element may not imply the
existence of a second element. The principles disclosed
herein have independent utility and may be embodied
individually, and not every embodiment may utilize every
principle. However, the principles may also be embodied
in various combinations, some of which may amplify the
benefits of the individual principles in a synergistic man-
ner. The various details and embodiments described
above may be combined to produce additional embodi-
ments according to the inventive principles of this patent
disclosure.
[0157] In some embodiments, a portion of an element
may refer to less than, or all of, the element. A first portion
of an element and a second portion of the element may
refer to the same portions of the element. A first portion
of an element and a second portion of the element may
overlap (e.g., a portion of the first portion may be the
same as a portion of the second portion).
[0158] Since the inventive principles of this patent dis-
closure may be modified in arrangement and detail with-
out departing from the inventive concepts, such changes
and modifications are considered to fall within the scope
of the following claims.

Claims

1. A device comprising:

a cache media;
a storage media;
a communication interface; and
at least one control circuit configured to:

receive, using the communication interface,
a first memory access request to access a
portion of the storage media;
receive, using the communication interface,
a second memory access request to access
the portion of the storage media;
access, based on the first memory access
request, the portion of the storage media;
and
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access, based on the second memory ac-
cess request, a portion of the cache media.

2. The device of claim 1, wherein:

the portion of the cache media comprises a first
cache; and
the at least one control circuit is configured to
access, based on the first memory access re-
quest, the portion of the storage media by:

reading data from the portion of the storage
media;
storing the data in a second cache; and
loading at least a portion of the data from
the second cache.

3. The device of claim 1 or 2, wherein the at least one
control circuit is configured to write at least a portion
of the portion of the cache media to the portion of
the storage media.

4. The device of any one of claims 1 to 3, wherein:

the portion of the storage media is a first portion
of the storage media; and
the at least one control circuit is configured to:

receive, using the communication interface,
a storage access request to access a sec-
ond portion of the storage media; and
access, based on the storage access re-
quest, the second portion of the storage me-
dia.

5. The device of claim 4, wherein the at least one control
circuit is configured to:

receive the first memory access request using
a first protocol; and
receive the storage access request using a sec-
ond protocol.

6. The device of claim 4 or 5, wherein the at least one
control circuit is configured to:

operate the portion of the cache media and the
first portion of the storage media as a first logical
device; and
operate the second portion of the storage media
as a second logical device.

7. The device of any one of claims 1 to 3, wherein the
at least one control circuit is configured to:

receive, using the communication interface, a
storage access request to access the portion of
the storage media; and

access, based on the storage access request,
the portion of the storage media.

8. The device of claim 7, wherein the at least one control
circuit is configured to:

receive the first memory access request using
a first protocol; and
receive the storage access request using a sec-
ond protocol.

9. The device of claim 8, wherein:

the first protocol comprises a memory access
protocol; and
the second protocol comprises a storage access
protocol.

10. The device of any one of claims 7 to 9, wherein the
at least one control circuit is configured to perform a
coherency operation associated with the portion of
the storage media.

11. The device of any one of claims 1 to 3, wherein:

the portion of the storage media is a first portion
of the storage media; and
the at least one control circuit is configured to
write at least a portion of the portion of the cache
media to a second portion of the storage media.

12. The device of any one of claims 1 to 11, wherein the
at least one control circuit comprises work logic con-
figured to:

receive a command; and
perform, based on the command, a data move-
ment operation or an operation associated with
the portion of the cache media.

13. A device comprising:

a memory media;
a storage media;
a communication interface; and
at least one control circuit configured to:

receive, using the communication interface,
a memory access request to access a por-
tion of the memory media;
access, based on the memory access re-
quest, the portion of the storage media; and
write the portion of the memory media to a
portion of the storage media.

14. The device of claim 13, wherein:

the portion of the storage media is a first portion
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of the storage media; and
the at least one control circuit is configured to:

receive, using the communication interface,
a storage access request to access a sec-
ond portion of the storage media; and
access, based on the storage access re-
quest, the second portion of the storage me-
dia.

15. The device of claim 14, wherein the at least one con-
trol circuit is configured to:

operate the portion of the memory media and
the first portion of the storage media as a first
logical device; and
operate the second portion of the storage media
as a second logical device.
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